Conclusions Our results suggest that further investigation of the relation of maternal infections during pregnancy to asthma among children seems warranted.
The causes for childhood asthma and other atopic diseases are largely unexplained. 1 Fetal and early infant growth has been shown to be a major determinant of certain diseases in later life. 2 Recently, it is increasingly apparent that the asthma phenotype could probably be programmed before birth [3] [4] [5] as well as in very early life. 6 This was supported by the findings that children whose mothers smoked during pregnancy had a higher risk of developing of asthma in later life than the children of nonsmoking mothers, [7] [8] [9] that low birthweight was associated with the risk of childhood asthma, 7, 10 that the effect of maternal line on childhood asthma was greater than that of paternal line, 11, 12 that newborns with disproportionate fetal growth had higher immunoglobulin E (IgE) concentration in later life 13 and a higher risk of asthma, 14 and that cord-blood T-cell proliferate responses were raised after stimulation with specific allergens at birth in babies who subsequently develop allergic symptoms in relation to those allergens. 15, 16 This suggests that fetal development, as determined by certain intrauterine environments, is an important stage that may predispose a baby to develop asthma in later life and the process of sensitization starts during pregnancy. 15, 16 Hence, the roles of factors operating during pregnancy and influencing intrauterine environment on childhood asthma are worth exploring. The current analysis examines the association of maternal vaginitis and febrile infections in pregnancy and the future risk of asthma among children at the age of 7 years.
Materials and Methods
The study population was derived from a birth cohort that was designed to include all pregnancies in northern Finland with expected birth dates falling from 1 July 1985 to 30 June 1986. 17 The women were enrolled at the 24th week of gestation at the maternity health centre. The cohort consists of 9479 births, accounting for 99% of all births in the study area. Among them, there were 47 stillbirths, 75 died before the age of 7 years and 31 could not be traced at age 7, leaving 9326 children available in 1993. The current analyses were limited to 8088 (86.7% of 9326) children with complete information on pregnancy and whose mothers returned the questionnaire in 1993. The study was approved by the ethical committee of University of Oulu, Finland. Background Previous studies have suggested that asthma phenotype could probably be programmed before birth. The current study examined the impact of maternal vaginitis and febrile infections during pregnancy on the subsequent development of asthma among children.
Methods
The analyses were based on 8088 children from the northern Finland birth cohort, [1985] [1986] .
Results
The prevalence of asthma at age 7 was 3.5%. Data on development of asthma among children at age 7 was collected using a structured self-administered questionnaire filled in by the mothers in 1993. The original question was 'Does your child have long-term illnesses?' Asthma was one of the main concerns listed. The information on childhood asthma was supplemented by linking the cohort with the National Hospital Discharge Records. In the 1993 questionnaire 3.1% of children were reported to have asthma and National Hospital Discharge Records indicated that 1.4% of children had ever been hospitalized due to asthma. The combined prevalence of asthma from these two sources of information was 3.5%. Among 116 children who were hospitalized, 85 (73.3%) were reported in the 1993 follow-up.
The information on maternal infections during pregnancy was obtained using a structured self-administered questionnaire that was distributed to each mother at their last antenatal visit. For the few mothers who failed to fill in the questionnaire at the last antenatal visit the information was collected at the midwife's first home visit after delivery. Information concerning maternal febrile infections during the pregnancy was obtained by asking 'Did you have any fever due to infectious diseases during this pregnancy?' If yes, the gestation week in which the fever occurred was indicated. Those mothers who answered yes were defined as having febrile infectious diseases, which was further grouped based on trimesters when the infections occurred. Information on maternal vaginitis was obtained by asking 'Have you been treated for any gynaecological infections during this pregnancy?' The following choices were provided: Candida, Trichomonas, Chlamydia, Herpes, Gonococcus, cervical erosion and others. For the current analysis, the mothers who answered positively to any of the above causes were defined as having vaginitis. However, information on the timing of vaginitis in pregnancy was unavailable.
The information on maternal demographics, social background, lifestyle and disease history before pregnancy was collected at their enrolment to the study. Data on births, including birthweight and gestational age, were collected from the delivery records in hospitals. Gestational age used in the analyses was calculated as the interval between the first day of the last menstrual period and the day of delivery. For missing or uncertain menstrual data the information was supplemented with ultrasonic findings.
The determinants and other covariates analysed in the current study were classified in the following way: maternal age as р19, 20-34 and у35 years, maternal body mass index (BMI) before the pregnancy (weight, kg/height, m 2 ) as Ͻ19, 19-24.99 and у25, social class as farmers versus others (no differences in prevalence of childhood asthma were found among other social groups), marital status as married versus unmarried, number of older siblings as 0, 1, 2-3 and у4, maternal smoking as yes, if mother was smoking at least one cigarette per day after the second month of the pregnancy versus no (no differences in prevalence of childhood asthma were found among mothers who smoked р10 cigarettes a day or Ͼ10 cigarettes a day), sex, birthweight as Ͻ2500 g versus у2500 g, gestational age as Ͻ37 weeks versus у37 weeks, season of birth as March-May, June-August, September-November and December-February, the history of maternal allergic diseases as yes, if mother had doctor-diagnosed asthma or allergic diseases.
The difference in prevalence of asthma among categories of each determinant was examined with Pearson's χ 2 test. Logistic regression analysis was used to estimate the effects of maternal infections and other factors operating through pregnancy on the development of childhood asthma while controlling for potential confounding variables (maternal age, BMI, maternal history of allergic diseases, social class, season of birth, number of older siblings). In addition, when the models estimated the independent effect of a specific factor on the outcome all other covariates were mutually adjusted as well. Birthweight and gestational age were entered into logistic models as continuous variables when they were adjusted for. Odds ratios (OR) from logistic regression models were calculated to estimate the relative risks and their 95% CI.
The prevalence of asthma by the age of 7 was 3.5% among 8088 children (Table 1) . Asthma was more common among the children of mothers who had a history of asthma or allergic diseases and experienced febrile infectious diseases or vaginitis during pregnancy, among boys and among children with low birthweight and those born prematurely.
After adjusting for maternal age, maternal BMI, social class, season of birth and number of older siblings as well as mutual adjustment, these factors still showed substantially independent effects on childhood asthma except for gestational age ( Table 2 ). The significant effect of gestational age disappeared after birthweight entered into the model.
Of 1772 mothers with vaginitis, 1548 (87.4%) indicated Candida as the cause of the disease. The number caused by Trichomonas was 33 (1.9 %), Chlamydia 37 (2.1%), Herpes 20 (1.1%), Gonococcus 4 (0.2%), cervical erosion 51 (2.9%) and others 156 (8.8%), respectively. There were 77 mothers (4.4%) who indicated two causes for their vaginitis. As compared with mothers without vaginitis, the OR for Candida was 1.33 (95% CI : 1.01-1.75), for Chlamydia 3.37 (95% CI : 1.19-9.60), for Gonococcus 9.22 (95% CI : 0.96-88.94), for cervical erosion 2.37 (95% CI : 0.85-6.61) and for others 1.51 (95% CI : 0.73-3.10). The OR could not be calculated for Trichomonas and Herpes because of the small number of children available in these categories.
We observed a clear trend of risk of childhood asthma corresponding to the timing of maternal febrile infections during pregnancy (Table 3) . It appeared that the earlier mothers got febrile infections during pregnancy the higher risk children would have. The adjusted OR for the first, the second and third trimester were 2.08 (95% CI : 1.13-3.82), 1.73 (95% CI : 1.09-2.75) and 1.44 (95% CI : 0.97-2.15), respectively. The results were virtually unchanged after allowing for potential confounders.
Discussion
Based on current analyses, asthma was more common among children of mothers who had a history of asthma or allergic diseases and experienced febrile infectious diseases or vaginitis during pregnancy, and among boys as well as among children with low birthweight. Our data also indicated that the timing of maternal febrile infections during pregnancy was important to the risk of asthma among children, i.e. the earlier the infections happened the higher risk in terms of childhood asthma. After adjusting for potential confounding covariates the results were virtually unchanged. Many publications are available concerning associations of childhood asthma with maternal asthma or allergic diseases, sex and low birthweight. However, our study is the first one reporting the relation of maternal infections during pregnancy to childhood asthma.
Among the study population, 87% mothers who suffered from vaginitis indicated Candida as the cause of the disease. Candidiasis is an opportunistic infection with the potential for complications and of growing clinical importance. A case report (Akiyama et al. 1994) suggests that Candida albicans is associated with atopic asthma. However, we have no clear ideas why mothers' Candida vaginitis was related to an increased risk of asthma among offspring. There may be other unknown factors underlying this association or it may be due to a type I error.
The current study indicates that there was a clear time trend in risk of childhood asthma corresponding to maternal febrile infections in pregnancy, i.e. the highest risk lies in the first trimester, followed by the second and then the third (P for trend text Ͻ 0.001). This cannot be explained by potential confounders. Currently, we are not aware of any reports of this association based on epidemiological data. Plenty of clinical and immunological studies have shown that the proliferation response of immune system to specific allergens starts in utero. 4, 16, [18] [19] [20] Maternal allergen exposure is important in the priming of fetal lymph cells. 4 when mothers are exposed to allergens is the critical period for the development of immunological competence?' It has been shown that maternal food-allergen avoidance during the late pregnancy is ineffective in the prevention of infant allergy. 21 Our data imply that the most critical time period for fetal sensitization might start at a very early stage of pregnancy. This could be true as lymphocytes can be already observed in the thymus at 8-9 weeks' gestation, 20 and synthesis of immunoglobulins, including IgE, starts before 12 weeks in the fetus. 19, 22 The main characteristics of the current study are its prospective nature, being derived from a big population-based cohort, and all exposure information being collected during pregnancy and at birth. The occurrence of asthma at age 7 in the current analysis was 3.5% which was within the range of our expectation for prevalence of doctor-diagnosed asthma at this age. Based on the questions asked in the 1993 follow-up, only those with doctor-diagnosed asthma have probably been reported. In Finland, the prevalence of doctor-diagnosed asthma in children has been reported to be lower than in many other European countries; it varied from 0.6% to 3.3% in different areas of the country. 23 Recent studies showed that the prevalence of doctor-diagnosed asthma among Finnish children aged 7-12 years was around 4%. 24, 25 A nationwide study indicated that doctor-diagnosed asthma among Finnish adolescents has increased in the last two decades (as in many other countries), and the prevalence increased from 1.0% in the 1970s to 2.8% in 1991. 26 In the present study, we were not able to separate allergic and non-allergic asthma. These two outcomes may be quite different in aetiology, which needs to be taken into account when interpreting the present results.
The main limitation of the present study is probably that the information on history of maternal allergic diseases is likely to be incompletely recorded. The observed result is therefore at the risk of residual confounding by maternal atopic heritage. However, this was not a major problem, as adjusting the models for maternal asthma or allergic diseases had practically no effect on the observed OR for vaginitis and febrile infections during pregnancy. That may be due to the fact that maternal history of asthma or allergic diseases was only associated with childhood asthma (Tables 1 and 2 ), but not with exposures, i.e. maternal vaginitis (P = 0.610) or febrile infections (P = 0.290) during pregnancy (data not shown).
In conclusion, the current study supports the hypothesis that allergic sensitization could start in utero and asthma phenotype may be programmed before birth. Our results encourage further investigation of the association of maternal factors, especially maternal infections, during pregnancy with the risk of childhood asthma and exploration of the possible biological mechanisms underlying the associations. 
